Background. Pollution arising from mine dumps in South Africa (SA) has been a source of concern to nearby communities. Objective. To investigate whether comorbidity of respiratory and cardiovascular diseases among elderly persons (≥55 years) was associated with proximity to mine dumps. Methods. Elderly persons in communities 1 -2 km (exposed) and ≥5 km (unexposed) from five preselected mine dumps in Gauteng and North West provinces in SA were included in a cross-sectional study. Results. Exposed elderly persons had a significantly higher prevalence of cardiovascular and respiratory diseases than those who were unexposed. Multiple logistic regression analysis indicated that living close to mine dumps was significantly associated with asthma + hypertension (odds ratio (OR) 1.67; 95% confidence interval (CI) 1.22 -2.28), asthma + pneumonia (OR 1.86; 95% CI 1.14 -3.04), emphysema + arrhythmia (OR 1.38; 95% CI 1.07 -1.77), emphysema + myocardial infarction (OR 2.01; 95% CI 1.73 -2.54), emphysema + pneumonia (OR 3.36; 95% CI 1.41 -7.98), hypertension + myocardial infarction (OR 1.60; 95% CI 1.04 -2.44) and hypertension + pneumonia (OR 1.34; 95% CI 1.05 -1.93). Conclusion. Detrimental associations between comorbidity of the health outcomes and proximity to mine dumps were observed among the elderly in SA. size of the elderly people and the targeted sample size in each community under study. The mine dumps were selected before the study by the MHSC because of large population densities around these dumps. Eleven communities were included in the study. A previously validated ATS-DLD-78 questionnaire from the British Medical Research Council was used for face-to-face interviews. [18] The study focused on elderly people who had been living in the study communities for ≥5 years. A 'knock on the door' approach was used to recruit study participants. In each community, streets were randomly selected and then four to five houses were randomly selected in each street. The sample size of each community was calculated using Epi Info version 7, with a total sample size of 3 069. Population sizes were based on the 2001 census from Statistics South Africa, because the results of census 2011 were not released when the study commenced.
Pollution arising from mine dumps that serve as depositories for waste materials produced during goldmining processes, has been a source of concern to communities located in close proximity in South Africa (SA). [1, 2] The crushed sand-like refuse material is generated during extraction and milling of ground ore during the mining process. [3, 4] The material contains a complex mixture of heavy metals and trace elements such as gold, copper, lead, zinc, arsenic, cadmium and selenium. [2, 3, 5] Mine dumps are generally located in low-lying areas near mining sites, and dust particles or particulate matter are transported to nearby communities by air or by soil and water contamination. [3] The major routes of entry to the body upon exposure include contact with skin or eyes, inhalation and ingestion. Exposed communities tend to be historically marginalised ethnic groups of low socioeconomic status and living in government-funded houses, informal settlements and retirement homes, [8] and are often elderly persons and children. [2, 6, 7] Moreover, some of the exposed communities also live near highways where there is heavy traffic flow and industries, so are exposed to the effects of ambient particulate matter air pollution, resulting in an increased risk of developing respiratory and cardiovascular diseases. [9] [10] [11] [12] [13] [14] Elderly people are potentially highly susceptible to the effects of ambient air pollution as a result of normal and pathological ageing. [15] An increased prevalence of respiratory disease was observed in people living near mining sites in both SA and Portugal, compared with a control group living further away. [6, 7, 16] No studies have investigated whether exposure to mine dust or living in close proximity to mine dumps poses an increased risk for comorbidity of respiratory and cardiovascular diseases among elderly people, and none have investigated the effects between combinations of various air pollution sources, including mine dust.
Comorbidity was defined in the present study as having more than one respiratory or cardiovascular disease. One possible reason for the overlap between these two diseases is that they share the same risk factors, which may cause or exacerbate respiratory or cardiovascular diseases in vulnerable individuals. [17] This study is part of a larger project initiated by the Mine Health Safety Council of South Africa (MHSC) around communities located near mine dumps in Gauteng and North West provinces. No studies have investigated the association between potential risk factors and the comorbidity of respiratory and cardiovascular diseases among elderly people living near mine dumps in SA.
Objective
To investigate whether comorbidity of respiratory and cardiovascular diseases among the elderly was associated with proximity to mine dumps. Effect modification between proximity to mine dumps and other air pollution sources was also investigated, e.g. the type of fuel used for cooking/heating in the home, tobacco smoking, and a history of occupational exposure to dust or chemical fumes.
Methods
The study methods have been described in detail elsewhere and a summary of the methods has been provided. [6] Ethical approval (ref. no. 235/2011) was obtained from the Research Ethics Committee, Faculty of Health Sciences, University of Pretoria. Verbal and written consent was obtained from the participants before commencement of interviews.
Population and study design
A cross-sectional study of 2 397 elderly (≥55 years) people from communities living 1 -2 km (exposed) and ≥5 km (unexposed) from five preselected mine dumps in Gauteng and North West provinces was conducted during November and December 2012. Table 1 lists the selected communities, and Table 2 the population size of the elderly people and the targeted sample size in each community under study. The mine dumps were selected before the study by the MHSC because of large population densities around these dumps. Eleven communities were included in the study. A previously validated ATS-DLD-78 questionnaire from the British Medical Research Council was used for face-to-face interviews. [18] The study focused on elderly people who had been living in the study communities for ≥5 years. A 'knock on the door' approach was used to recruit study participants. In each community, streets were randomly selected and then four to five houses were randomly selected in each street. The sample size of each community was calculated using Epi Info version 7, with a total sample size of 3 069. Population sizes were based on the 2001 census from Statistics South Africa, because the results of census 2011 were not released when the study commenced.
Questionnaire administration
Twenty-two locally trained fieldworkers were employed, with two assigned to each community. Each fieldworker received thorough training in conducting the interviews using the respiratory health questionnaire before the start of the survey. The interviews were mainly in English and were translated into the local language if the respondent did not understand the questions. The questionnaire included sections on demography, medical history, type of fuel use for residential cooking/heating, tobacco smoking habits, and history of occupational exposure to dust or chemical fumes. The outcomes of interest, e.g. arrhythmia, asthma, emphysema, hypertension, myocardial infarction and pneumonia, were based on positive answers indicating diagnosis of the conditions by a doctor. The main exposure factor of interest in this study was the distance between the study population and the mine dump. For quality control of the interviews, fieldworkers randomly selected 10% of the homes and readministered the same questionnaire to the same previously interviewed respondents to verify their responses. This verification was done 15 -20 days after the first interview. Within the interviews, a >10% deviation was deemed unacceptable.
Statistical analysis
Two technicians entered the collected questionnaire data into a database set up in Epi Info version 3.5.3. Data were analysed using Stata version 12. Prevalence of the health outcome, the proportion of air pollution sources under investigation, and confounding variables were calculated by dividing the number of participants who responded affirmatively by the number of questionnaires completed. Each question therefore had a different sample size. Observations marked as 'do not know' , 'not stated' or 'other responses' were set as missing, but were included in the descriptive analyses. Only two explanatory variables, age and main type of fuel used for heating and cooking in the home, had missing observations. Responses to the number of cigarettes smoked per day were very low and were not included in the analysis. Pearson's χ 2 test was applied to determine the relationship between community (exposed/ unexposed) and confounding variables. Using univariate and multiple logistic regression analysis (LRA) to estimate the likelihood of having asthma, chronic bronchitis, chronic cough, emphysema, pneumonia and wheeze, crude and adjusted odds ratios (ORs) and 95% confidence intervals (CIs) were calculated. Missing values were automatically excluded in each LRA model, so each multiple LRA model had a different sample size. To obtain adjusted ORs for the effect of 'community (exposed/unexposed)' , outcomes were placed in an initial LRA model. This was followed by the addition of a potential confounder in a stepwise manner, starting with the most statistically significant from the univariate analysis. Each time a new potential confounder was added to the model, if the effect estimate between the exposure of interest and comorbidity outcome already in the models changed by more than 5.0%, the additional variable was retained in the final multiple LRA; otherwise, the variable was removed and a different one was added. [19] The most parsimonious multiple LRA models were reported, i.e. those with variables having a p-value of <0.05. [20] Community (exposed/unexposed) was considered as the main exposure factor and was therefore included in all models for each outcome of interest, regardless of whether it was statistically significant in the univariate analyses.
Effect modification between community (exposed/unexposed) and other air pollution source variables (smoking habits, occupational exposure history to dust/chemical fumes, and residential cooking/ heating fuel type) was investigated by including a multiplicative term in the model.
Results

Demographic characteristics and air pollution variables by type of community
Detailed demographic characteristics of the respondents and air pollution variables by community type have been published previously (Table 3) . [6] There were 1 499 study participants from exposed and 898 from unexposed communities. 
Multivariate analyses of comorbidity in all 11 study communities
Crude and adjusted ORs for all risk factors except for the main exposure factor are shown in Tables 5 and 6 . Results from the multiple LRA (Table 7) indicated that living in the exposed communities was significantly associated with asthma + hypertension (OR Population group was not associated with any of the health outcomes considered in this study. The study participants in the age groups 65 -69 and 70 -84 years were at an increased likelihood (61.0%) of having asthma + hypertension. Female participants were at an increased risk of having emphysema + arrhythmia (OR 2.02; 95% CI 1.10 -3.72). Participants with primary school as their highest level of education were 49.0% more likely to have asthma + hypertension. Current smoking and being an ex-smoker significantly increased the likelihood of having asthma + arrhythmia, asthma + emphysema, emphysema + arrhythmia and emphysema + myocardial infarction, and were not associated with asthma + hypertension and asthma + pneumonia. A history of occupational exposure to dust/chemical fumes was significantly associated with asthma + hypertension (OR 1.31; 95% CI 1.01 -1.76). Using polluting fuels such as paraffin or gas for cooking/heating in the home had a significant detrimental association with asthma + pneumonia (OR 2.38; 95% CI 1.08 -5.23) ( Table 6) .
No significant effect modification between community type (exposed/unexposed) and other air pollution source variables investigated was observed.
Discussion
This is the first study to investigate the risk factors associated with comorbidity of respiratory and cardiovascular diseases among elderly people in exposed communities in SA. The results suggest that there was a high prevalence of comorbidity in exposed communities. Living in exposed communities, age, smoking habits, a history of occupational exposure to dust/chemical fumes, and use of gas for cooking/heating in the home were found to be significant risk factors for comorbidity of respiratory and cardiovascular diseases.
Mine dumps are considered to be major sources of wind-blown dust that not only constitutes a nuisance but represents a risk to human health. [2, 16, [21] [22] [23] [24] [25] Size distribution analysis of dust particles from mine dumps has revealed high levels of respirable components. According to previous research done on one of the mine dumps in this study, the ambient concentration of particulate matter with an aerodynamic diameter of <10 μm (PM 10 ) greatly exceeded the 24-hour limit set by the SA Department of Environmental Affairs (180 μg/m 3 ). [2, 26] Residential developments are encroaching on the bases of mine dumps, [1] and ongoing reclamation of gold from mine dumps observed during the survey increased exposure to particulate matter. Respiratory and cardiovascular diseases were therefore caused or aggravated by exposure to dust from mine dumps.
Ageing is an intricate process associated with an increased risk of cardiovascular and respiratory diseases [27] [28] [29] as a result of changes in cellular and organ function. [30, 31] In this study, an increase in age was not associated with comorbidity of cardiovascular and respiratory diseases. A possible explanation for this finding could be a survivor effect. Contrary to findings reported elsewhere, [32] population group was not associated with the comorbidity outcomes considered in this study. Lower levels of education were also not significantly associated with outcomes of interest in this study, although they are generally known to be linked with lower socioeconomic status and have previously been identified as a risk factor for cardiovascular and respiratory diseases. [33, 34] Current and ex-smoking was significantly associated with respiratory and cardiovascular diseases. Ex-smokers were at higher risk than current smokers of having cardiovascular and respiratory disease comorbidity. Having being diagnosed with cardiovascular and or respiratory disease may have been the reason why study participants stopped smoking. Another possibility could have been advice from doctors, which has been shown to contribute to smoking cessation. [35] The cardiovascular and respiratory systems are vulnerable to occupational exposures owing to direct contact with the ambient environment and inhalation of toxic substances. [36, 37] Occupational exposure to dust or chemicals was significantly associated with cardiovascular and respiratory diseases. The findings of this study are in agreement with other research in this respect. [38, 39] Domestic use of gas and paraffin (kerosene) was significantly associated with cardiovascular and respiratory diseases, possibly caused by the oxides of nitrogen or carbon monoxide generated when gas or paraffin is burned. [40, 41] 
Study limitations
Some limitations and advantages of this study have been published previously. [6] The study has additional limitations inherent to crosssectional epidemiological study designs: (i) it cannot provide any evidence of causality; (ii) no quantitative air pollution exposure assessment was conducted; and (iii) it relied on doctor-diagnosed respiratory and cardiovascular diseases, which, although specific, can underestimate disease prevalence. It is therefore assumed that several individuals with respiratory and cardiovascular diseases were missed as a result of restrictive definitions employed in this study or poor access to healthcare facilities. [42] The possibility of estimating falsely low prevalence figures cannot be ignored. However, the observed high prevalence of respiratory and cardiovascular diseases in exposed communities cannot be attributed only to the strict definition used, but is also likely to be due to a complex interaction of social, economic, and behavioural factors such as air pollution, undernutrition, poor access to healthcare or lifestyle behaviours. [43, 44] Further limitations are that: (iv) interviewer error may have occurred during translation of the questions into the local language during interviews with study participants who did not understand English; (v) unwillingness of the respondents to provide honest answers, or their giving socially desirable responses, should be taken into account in the interpretation of results; and (vi) no data were collected on possible reasons for declining to take part -the differential participation rate between exposed and unexposed communities is of concern and may well have introduced response bias, which is likely to overestimate the prevalence estimates derived and bias the association in either direction; and (vii) data on how access to healthcare varied between exposed and unexposed communities were not collected. Interviewing 10% of the study respondents twice resulted in 96% repeatability.
Conclusion
The findings of this study suggest a high prevalence of respiratory and cardiovascular diseases, with detrimental associations observed between comorbidity of the health outcomes and proximity to mine dumps, among the elderly in SA. The significant risk factors were proximity to mine dumps, age group, occupational exposure history to dust/chemical fumes, and main type of fuel used for heating/ cooking in the home. 
